SURGICAL CORRECTION of a renal artery stenosis may result in the reduction of the blood pressure to normal levels in some hypertensive patients. Selection of those patients likely to benefit, however, is a difficult problem since the presence of a narrowing may be a coincidence rather than the cause of the hypertension.' Furthermore, renal artery stenosis has been shown by angiography [1] [2] [3] [4] or found at autopsy5' 6 in individuals with normal blood pressure.
Various tests have been used in the selection of patients for surgery, but none is entirely satisfactory. It has been suggested' 7 . 7 8 that only patients with a significant decrease in pressure across the stenosis can be expected to benefit. The pressures in the aorta and renal artery are measured at operation, and repair is carried out only if an appreciable pressure gradient is found. 1 Fluoroscopy is carried out by means of an image intensifier. The position of the catheters is confirmed by the injection of small volumes of 50% sodium diatrizoate and documented by spot films. Since multiple renal arteries are common,16 a survey aortogram is carried out initially to visualize all the renal vessels. For this purpose, the straight polyethylene catheter is introduced into the abdominal aorta from the femoral artery by Seldinger's technique. To catheterize the renal artery, the aortographic catheter is replaced by a curved catheter whose tip is positioned in the ostium of the renal vessel. Its location is confirmed by injection of 1 to 2 ml of the contrast medium. During manipulation of the curved catheter, the pressure at its tip is monitored to avoid wedging. In some cases, it may be possible to pass the tip of the curved catheter past the stenosis, and a withdrawal pressure record using this catheter alone may show no significant pressure gradient across the lesion. More often, however, there is a pressure gradient, which could be due to the presence of this relatively large catheter in the narrowing, or the curved catheter cannot be passed across the stenosis. In such cases, a small nylon catheter is passed through the curved catheter for the pressure measurements. The nylon catheter with the thinner wall is usually used, and contrast medium is injected around it to document its position in relation to the stenosis. The nylon catheter with the thicker wall, which can be seen better on fluoroscopy, is used in some cases but has the disadvantage that the contrast material has to be injected through it and less satisfactory spot films are obtained than when the thinner catheter is used. A thin stylet, considerably shorter than the nylon catheter, may be put into its proximal part if difficulty is encountered in passing the nylon catheter around the curvature of the outer catheter. The stylet stiffens the small catheter and facilitates this maneuver, but excessive force must not be used when the tip of the inner catheter is in the opening of the outer, since it could be positioned directly against the wall of the vessel. Figure 2A shows an angiogram with narrowing near the origin of the left upper renal artery. Figure 2B shows the relation of the small catheter Circulation, Volume XXXIII, March 1966 to the outline of the vessel when a nylon catheter has passed across the stenosis and contrast medium has been injected. Figure 2C illustrates the position after withdrawal of the outer and advance of the inner catheter. The tip of the inner is beyond the narrowing while the outer one is in the aorta. Pressure is then recorded continuously as the two catheters are withdrawn together until the tip of the inner one is in the aorta. An example of a withdrawal pressure record in a patient with severe stenosis is shown in figure 3 .
Group Studied
This procedure has been used to measure pressure in 34 renal arteries of 28 patients. Fifteen patients had hypertension and renal artery stenosis. In addition, 13 patients without stenosis of the renal artery, 10 of whom had hypertension, were studied by means of the small catheter to determine the relationship between the pressures in the aorta and the renal arteries in the absence of stenosis. There were six failures among the 34 attempts; five of these were among the 18 attempts at catheterization of the stenosed renal vessels. Two failures were due to inability to pass the nylon catheter beyond the tip of the outer catheter, three were due to failure to advance the nylon catheter past the site of stenosis, and in the sixth case damped pressure records were obtained. Because refinements in the method were introduced during this series of measurements, it is likely that the incidence of technical failures would now be lower.
Two complications developed. In one case, pain in the costovertebral angle was present for 2 days after the test. In the second case, injection of the contrast material through the outer catheter demonstrated perforation of the renal artery by the extravascular position of the nylon catheter. Following removal of the nylon catheter, a spot film showed good filling of the renal vessels and no extravasation of the contrast medium. There were no symptoms referable to the perforation.
Results
The systolic pressures in the aorta and the renal arteries with and without angiographically demonstrated narrowing are compared in figure 4 Figure 4 Systolic pressures in the aorta and the renal arteries with and without stenosis. 
Discussion
In the present study, adequate pressure records across renal artery stenosis were obtained in about 70% of cases. It is likely that this rate of success may be improved by exploring the use of catheters made of different materials and curved catheters of various shapes. One of the main causes of technical failure was inability to pass the small nylon catheter out into the renal artery or past the narrowing. This was presumably due to the curvature of the outer catheter of the outer catheter and converting its end into a "shepherd's crook" may overcome this difficulty. Neither of the two complications encountered in the present series appeared to be serious. Experience in larger numbers of patients will be needed before the incidence of complications can be adequately evaluated.
The pressure records obtained through the small inner catheter are adequate if meticulous attention to technical details is exercised. Although theoretically the presence of any catheter in the narrowed portion of the renal artery may result in or exaggerate the pressure gradient, the small diameter of the nylon catheter used in these measurements is not likely to alter the pressure significantly in most cases. Good agreement between measurements obtained by catheterization and at operation, mentioned by others'0 and seen in one of our cases which came to surgery, supports the validity of the measurements obtained at catheterization.
Lirectecd tne tlp ot tne inner catneter
Measurements obtained in the vessels withthe wall of the vessel. Addition of a out stenosis indicate that the pressures in the aorta and the renal arteries are similar and that a difference of more than 15 mm Hg between the systolic pressures is probably abnormal. The finding of higher systolic pressures in the renal arteries than in the aorta in some hypertensive patients could be related to a greater degree of reflection of the pulse wave in the presence of high peripheral resistance in the renal vascular bed in hyper-
The pressure measurements correlated poorly with casual angiographic evaluation of the stenosis, based simply on the degree of narrowing of the lumen by the lesion, but a
INDEX OF STENOSIS
[ENGTH /(DIAMETRS good correlation was obtained with indices L DIAMETERN which incorporated the length of the narrowing and a power of the ratio of the diameters Figure 5 of the stenosed and normal segments of the tionship of the systolic pressure gradient, catheter whose tip was placed in the renal vessel. The position of the catheters was confirmed by injections of small volumes of angiographic dye and documented by spot films. Use of the small-bore catheter was necessary to avoid alteration of the measured pressure. Strict attention to technical details is mandatory in order to obtain satisfactory pressure recordings.
In patients without angiographic evidence of stenosis, pressure in the renal arteries did not differ consistently from the aortic pressure. Differences of more than 15 mm Hg in the systolic pressure are probably abnormal.
Abnormal systolic pressure gradients between the aorta and the renal artery were found in some patients with renal artery stenosis, but not in others. In the patients with gradients, good correlation was obtained between the gradient and the dimensions of the stenosis measured on the angiographic films and expressed as Ls/(Ds/DN ),2 where Ls is the length of the narrowing, and Ds and DN are respectively the diameters of the lumen of the stenotic and nonstenotic parts of the vessel in a frontal projection.
Our experience suggests that more preoperative pressure measurements by catheterization across renal artery stenosis and correlation with angiographic and renal function studies and with the results of operation are warranted.
